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Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a novel coronavirus first detected in Wuhan, China in 2019. The World Health Organization declared a global pandemic in March 2020, and coronavirus disease-2019 (COVID-19) has resulted in over 5.5 million cases and approximately 350,000 deaths worldwide as of May 25, 2020.[@bib1] ^,^ [@bib2] The first reported case in the United States occurred on January 19, 2020 in the state of Washington. Washington state has seen 21,349 cases and 1118 deaths as of April 29, 2020.[@bib3] Recently published data from Seattle health care systems estimate that half of those with COVID-19 admitted to an intensive care unit will die.[@bib4]

Recent epidemics and pandemics, such as SARS, Swine Flu, and Ebola, have tested the capacity of health care systems worldwide.[@bib5] Historically, the largest of these pandemics, such as the bubonic plague, smallpox, and the Spanish Flu, took the lives of upward of 300 million people combined.[@bib5] In early 2020, the economic and financial impact of COVID-19 in the United States began to rapidly manifest itself as a complex phenomenon and encompassed every aspect of the American economy. In the health care industry, the virus induced a paradoxical increase in resource utilization, but decrease in productivity and revenue.[@bib6] ^,^ [@bib7]

The complete economic impact of COVID-19 on health care systems and the global economy will take time to fully evaluate. Early estimates from the Medical Group Management Association[@bib8] suggest that 97% of practices in their 724 practice survey experienced a negative financial impact either directly or indirectly associated with the virus. Practices also reported an average of 55% decrease in revenue and a 60% decrease in patient volume since the beginning of the COVID-19 crisis.[@bib8] To date, to our knowledge, there has been no published literature on the financial impact of the COVID-19 virus on surgical productivity and revenue. This report summarizes our experiences at the University of Washington (UW) Department of Neurological Surgery, in one of the first health care systems to directly confront this pandemic in the United States.
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A retrospective review of our institutional case volume was conducted during the period of December 29, 2019 to May 1, 2020. The data included operative volume from the UW Medical Center and Harborview Medical Center, 2 of 4 entities comprising the UW Medicine hospital system (the others being Valley Medical Center and UW Northwest Hospital). Data were extracted from the billing records of our financial department. The total work relative value units (wRVUs) were measured, and wRVU variance was also calculated. The immediate pre-COVID comparative period was defined as January 1, 2020 through March 15, 2020. The post-COVID period in which stringent limits on elective cases were imposed began on March 16, 2020. A review of the total monthly relative value units (RVUs) for March, April, and May of 2019 were used for comparison. At our institution, COVID-19 operative restrictions involved limiting cases to the following: neurotrauma, acute stroke, subarachnoid hemorrhage, acutely worsening myelopathy, cauda equina, and neurooncology ([Table 1](#tbl1){ref-type="table"} ). The breakdown between inpatient and outpatient services in terms of wRVUs was also examined.Table 1University of Washington Medicine Guidelines for the Acuity and Management of Neurosurgical DiseaseTraumaVascularOncologicSpineOthersEmergent (must be managed as soon as possible)Traumatic brain injury with mass lesions (e.g., epidural/subdural hematoma), intraparenchymal hemorrhages, penetrating brain injuries, invasive ICP monitoringAneurysmal subarachnoid hemorrhages, ruptured arteriovenous malformations, acute ischemic strokesBrain or spinal cord tumors causing acute neurologic decline (e.g., posterior fossa tumors, pituitary apoplexy)Spine trauma causing neurologic deficit, spinal cord injury, unstable spine fracturesAcute hydrocephalus due to tumors, mass lesions, shunt malfunctionsUrgent (should be managed within 3 weeks)Subacute-to-chronic subdural hematomasMalformations causing neurologic symptoms (e.g., focal deficit, seizures, etc.)Brain or spinal cord tumors causing progressive neurologic decline (e.g., malignant glioma, skull base tumors causing brainstem compression, sellar/suprasellar tumors causing visual decline)Spine trauma without neurologic deficit, degenerative conditions causing significant pain, and/or progressive neurologic deficit, mechanical instabilityFunctional procedures with replacement of existing hardware at end-of-lifeRoutine (can be postponed indefinitely)CranioplastyUnruptured aneurysms without high-risk features, unruptured arteriovenous malformationsBenign, slow-growing tumors without significant neurologic decline (e.g., vestibular schwannoma, meningiomas)Degenerative conditions causing pain without neurologic deficitFunctional procedures requiring new hardware implantation (e.g., DBS, pumps)[^1]
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There was a total of 11 weeks in the pre-COVID period since the beginning of the 2020 fiscal year. The pre-COVID weekly daily average wRVU was 533.1, ranging from 474 to 582 (--11% to +10% variance). Of the 7 weeks in the current post-COVID period, the weekly daily average wRVU was 173, ranging from 363 to 128 (--31% to --76% variance) ([Figure 1](#fig1){ref-type="fig"} ). The total number of wRVU performed in the month of March and April during COVID-19 was 12,540 and 7013, respectively. For comparison, wRVU data were queried for the months of March and April in the fiscal year 2019. The total wRVU for March and April 2019 was 11,587 and 11,880, respectively. This represents a 17% decline in total wRVU from the year prior during these 2 months.Figure 1Daily average work relative value units (wRVUs) by week during the fiscal year 2020. The *yellow dashed line* indicates the start of COVID-19 surgical restrictions. The *black solid line* indicates the pre-COVID daily average wRVU of 532.9. Weekly average daily wRVUs are plotted as a variance of that average value.

Data were further analyzed by separating inpatient and outpatient weekly daily average wRVU ([Figure 2](#fig2){ref-type="fig"} ). The inpatient pre-COVID daily average was 439.8, ranging from 395--449 (--10% to +14% variance). The post-COVID inpatient daily average was 227, ranging from 92--283 (--79% to --36% variance). The outpatient daily average wRVU was 93.1 in the pre-COVID time, ranging from 59 (--37% variance) to 120 (+30% variance). The post-COVID outpatient daily average wRVU ranged from 16 to 45 (--83% to --52% variance) with a mean of 23.3.Figure 2Weekly daily average work relative value units (wRVUs) are plotted by week. The *yellow dashed line* indicates the start of the COVID-19 surgical restrictions. Inpatient and outpatient data are separated. *Gray solid line* indicates pre-COVID daily average of 439.8 for inpatient and 93.1 for outpatient. Weekly average daily wRVUs are plotted as a variance of that average value.

Outpatient visit data were examined for utilization of services ([Figure 3](#fig3){ref-type="fig"} ). At UW, outpatient services were rendered as either in-person clinical visits, telehealth visits via teleconference, or telephone visits. Before COVID-19 the overwhelming majority of clinic appointments occurred in person ranging from 6673 (93%) to 8988 (99%) per week. Telephone visits represented no more than 6% of all visits, and likewise telehealth represented no more than 2% of all visits in the pre-COVID period. In the post-COVID period, there was a significant decline in the number of in-person clinic visits and a transition to increased utilization of telehealth. In-person visits ranged from 2132 (44%) to 3805 (77%) per week. Telephone and telehealth visits, however, ranged from 81 (2%) and 1041 (25%) to 953 (17%) and 2025 (42%) per week, respectively.Figure 3Total number of clinic appointments are plotted by week. *Gray* represents in-person visits, *orange* represents telephone visits, and *blue* represents telehealth (teleconference) visits. The *yellow dashed line* indicates the start of the COVID-19 surgical restrictions.
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Economists and public health personnel have produced models for studying economic impact of pandemics.[@bib9] ^,^ [@bib10] Rapid changes in the delivery and costs of health care, public policy changes, and societal behavioral changes during a pandemic make modeling challenging.

The financing of health care in the United States includes private health insurance and public funding through Medicare/Medicaid. In this system, a so-called "cost-shift hydraulic" exists in which one payor group (usually private health insurers) pay substantially higher prices to offset lower prices paid by another payor group (usually the government or out-of-pocket payers). During a large-scale pandemic in which there is a drop in the gross domestic product and increased unemployment, there is a shift from employment-based private financing to public health care and/or being uninsured.[@bib11]

In addition to the macroeconomics of public health, an understanding of the microeconomics of physician reimbursement and hospital finance is required.[@bib12] ^,^ [@bib13] Physician reimbursement can be separated into 3 parts: coding for procedures, coding for diagnoses, and Centers for Medicare and Medicaid Services (CMS) determination of reimbursement. Procedural coding is accomplished by the Current Procedural Terminology,[@bib14] which is a proprietary uniform coding system developed by the American Medical Association. RVUs are the primary driver for physician reimbursement. The RVU consists of several subcomponents, including a wRVU (estimating physician work), practice expense RVU, and a malpractice expense RVU. These component RVUs are multiplied by the geographic practice cost index, which is intended to be an adjustment for geographic differences in cost of care.

Hospitals are reimbursed for inpatient care based on diagnosis-related groups (DRG).[@bib15] Every inpatient admission is classified into a DRG that is based on diagnosis, complications, and comorbidities associated with each patient. This is different from ICD coding in that a patient can have multiple ICD codes (e.g., diagnoses) but can only have 1 DRG (e.g., reason for admission). The compensation that CMS provides hospitals is based on this calculated DRG multiplied by the federal operating rate and a geographic adjustment factor, as well as a series of modifiers. Uncomplicated cases, with fewer services utilized, are more lucrative than complex cases that utilize more resources. Similarly, DRGs for many elective surgeries result in net profits for the hospitals. In the case of a pandemic in which there is high resource utilization with complex care and concomitant sharp decrease in elective and otherwise uncomplicated medical care, the mathematics are not favorable.

Surgical practices nationally and internationally were significantly affected by this pandemic. Perhaps the greatest impact was in the postponement of elective surgeries. Different national entities have published guidelines on elective case scheduling during a pandemic, including the American College of Surgeons (ACS)[@bib16] and the CMS.[@bib17] The ACS guidelines were broad, stating that all elective surgeries and elective inpatient diagnostic procedures should be postponed. In addition, they recommended limiting visitors to known COVID-19-positive patients and surge planning with reorganization of hospital resources. The CMS proposed a 3-tiered algorithm in which low-acuity services were postponed or accomplished via telehealth, intermediate-acuity services (wherein not providing the service has the potential for increasing morbidity or mortality) were triaged, and high-acuity services (lack of in-person treatment or service would result in patient harm) would proceed as normal.

The joint American Association of Neurological Surgeons and Congress of Neurological Surgery (AANS/CNS)[@bib18] Tumor Section published their own guidelines owing to the unique nature of neurooncologic disease. They advocated for urgent surgical intervention for all newly diagnosed high-grade gliomas and cranial or spinal metastatic disease. They were proponents of close observation of low-grade gliomas and benign asymptomatic lesions. Tumors that caused hydrocephalus or visual loss were generally considered urgent but they suggested a case-by-case evaluation. Several institutions and multiinstitutional cohorts published their guidelines as well. The University of California San Francisco group published their algorithm,[@bib19] which considered the disease burden with surge level. In their model, with increased surge level there was a progressive decrease in elective cases and transfers. They also published a standardized protocol for authorizing elective surgery during the outbreak.

A multiinstitutional group also published guidelines on the urgency of specific procedures related to spine pathologies.[@bib20] Risk of permanent and/or potentially reversible serious neurologic dysfunction, new and progressive foot drop or hand weakness, acute cauda equina, progressive myelopathy, and a very select group of patients in severe pain met the requirement for expedited treatment. A recent international review of the effect of COVID-19 on neurosurgery has been published.[@bib21] In their survey of 147 respondents from 96 countries the authors found that 57.5% of respondents in private practice and 51.9% of respondents in governmental practice experienced cancellation of all elective procedures. A total of 27.9% of private and 31.8% of governmental respondents experienced reduction of 50%--99% of all elective surgical volume. Likewise, outpatient clinic appointments were cancelled without rescheduling in 47.6% of respondents. Interestingly, only 29.9% of respondents endorsed using some form of telemedicine. Although their article did not specify numeric losses, they did say that 62.5% of respondents experienced significant financial burden.

In our review, COVID-19 had a significant impact on our department's surgical productivity with total wRVU production decreased as much as 75%. The effect was immediate with the initial week after COVID-19 restrictions seeing reduction in both inpatient (29%) and outpatient (85%) wRVUs. The inpatient decline is, as predicted, linear as increasing restriction on elective surgical volume caused increasingly lower wRVUs. This also corresponded to a decrease in hospital occupancy from 98%--68% within the first few weeks of the pandemic. The outpatient wRVU decline was seen in the months leading up to the operating room freeze, however, there was an increase in the second week. We believe the initial prelude to the sharper decline to be because of the effect of public fear in response to the local outbreak of the virus,[@bib22] with a subsequent increase in wRVU in the following week. On March 23, 2020, Washington state faced the institution of a statewide stay-at-home mandate,[@bib23] which again significantly decreased our outpatient productivity. This corresponded to the peak of inpatient COVID cases ([Figure 3](#fig3){ref-type="fig"}). In response to this mandate, telemedicine was instituted. Our hospital system embraced the use of telehealth (both video and telephone call), which likely mitigated outpatient losses ([Figure 4](#fig4){ref-type="fig"} ).Figure 4Total number of positive inpatient cases of COVID-19 across all University of Washington Medicine hospitals are plotted by date.

This study is limited in that is represents an incomplete assessment of the total financial impact of COVID-19, which will likely not be completely appreciable until many months after normal operations has resumed. Additionally, although they are familiar and easy to understand, wRVUs represent just a component of the true costs and revenue in a health care system.
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In this preliminary analysis, COVID-19 had a significant detrimental impact on surgical volume and revenue generation with up to 76% loss of wRVU with a mean weekly wRVU loss of 51%. This effect was seen in both inpatient and outpatient care, with up to 79% loss of inpatient wRVU and up to 83% loss of outpatient wRVU. These data, however, are not complete as follow-up studies in time are needed to fully elucidate the full financial effect of the virus.
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[^1]: ICP, intracranial pressure; DBS, deep brain stimulation.
